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NUMERICAL ANALYSIS OF FLOW AND PRESSURE FIELDS IN
AN IDEALIZED SPIRAL-GROOVED PUMPING SEAL
by John Zuk and Harold E. Renkel

Lewis Research Center

SUMMARY

A computer program is presented for finding the flow and pressure fields in a
spiral-grooved pumping seal model for the limiting case of zero clearance. The govern-
ing nonlinear partial differential equations are solved numerically using the method of
finite differences and over-relaxation. The program is written in FORTRAN IV and is
completely described including the program listing, flow charts, and sample problem.
The computer program calculates the net volume flow rate, velocity profiles, and pres-
sure distributions for specific axial pressure gradients, Reynolds numbers, and aspect
ratios. Other biharmonic problems may be solved using this program.

INTRODUC TION

In a companion paper (ref. 1) an analysis is given for the flow and pressure fields
in a spiral-groove pumping seal model for the limiting case of zero clearance. A spiral-
groove face seal (ref. 1) is a member of a general class of pressure generation devices
that are characterized by two surfaces moving relative to each other with very small
film thicknesses and with one or both surfaces grooved. Several geometric forms are
found; for example, the cylindrical form (viscoseal), the herringbone groove bearing,
and the conical and spherical bearing forms. Variations and combinations of these are
also found. The numerical solutions of the exact governing equations using the numeri-
cal analysis and computer program presented herein are compared with classical models
of the groove axial flow which neglect the coupling of the groove cross flow. The solu-
tions presented in reference 1 included the following results: The cross flow shifts the
pumping flow toward the land leading edge. Conditions under which the classical models
give good approximations for the relation between axial pressure gradient and net volume
flow are shown to depend on the Reynolds number and aspect ratio. The groove cross-



section static pressure is nearly constant except near the moving surface region. A low
pressure region suggests the possibility of degassing and cavitation; a high-pressure
region near the land leading edge results in a lift force acting on the moving surface.

The objective of this report is to present a method of solution and to present a com-
puter program for numerical solutions for the flow and pressure fields in a spiral-
grooved pumping seal model whose analysis is given in reference 1. Also, other physi-
cal problems that can be solved by the computer program are discussed. The computer
program is written in FORTRAN IV for the Lewis Research Center IBM 709411/7044
direct-couple system.

NUMERICAL ANALYSIS
Seal Model and Equations

As described in reference 1, the spiral-groove pumping seal model is a stationary
rectangular cross-section groove with a wall (upper plate) moving at an oblique angle to
the groove edges as illustrated in figure 1. In addition, a pressure gradient is imposed
in the groove axial direction. A rectilinear Cartesian coordinate system is used. The
flow is fully developed in the groove axial direction (z*-direction); that is, end effects
are neglected in the z*-direction. The flow studied is for a homogeneous, incompres-
sible Newtonian fluid under steady laminar flow conditions.

In reference 1 the flow field variables and resulting equations were nondimension-
alized. (All symbols are defined in appendix A including dimensionless scaling values. )

In order to facilitate numerical analysis, the flow field equations across the groove
(x*-y*-plane) are expressed in terms of a cross flow stream function y*(x*, y*) and the
vorticity ¢*(x*, y*). The derivatives of the stream function are related to the groove
cross flow velocity components u* and v* such that

u* = M
oy*
(1)
v* = aw*
ox*

In figure 2, the groove cross flow plane and the stream function direction are shown.
Since the flow is fully developed in the z*-direction (groove axial direction), ow*/dz* =0;
thus, the use of the stream function automatically satisfies the dimensionless incompres-

sible continuity equation




ur L VE L cotla W L (2)

ox* oy* oz*

The component of vorticity in the groove axial direction (z*-direction) is

groa OV _lowr [ oy 10y (3)
ax* A oy* a2 A pya?

Two important dimensionless parameters were found from nondimensionalizing the gov-
erning equations:

Re = bU sin o

v

and

A=d/b

Groove Cross Flow Plane (x*-y* plane)

For the stated restrictions the appropriate flow field equation in the groove cross
flow plane is the two-dimensional vorticity transport equation (see ref. 1) which reduces
to

2
o%x L o%r oo (awr arr oyr aex @
2 oy* ox* ox* oy*

Groove Axial Flow Direction (z*-direction)
For fully developed flow in the z*-direction, the Navier-Stokes equation is

2 2
>k
oy* ow* oy ow* _ aP*+1aw*+1+8w*

ay* ax* ax* dy*  oz* Re

252 52

(5)
oX

where



ot _ C1 = Constant
oz*
Hence,
P* = C z* + Cy(x*, y¥) (6)

The boundary conditions will now be stated: For convenience the stream function is

chosen to be zero on the walls, hence,
Y*(x*,0) =0 YrE*, 1) =0 Y*(0,5%) =0 Y*(1,y%) =0 (7)

The fluid velocity no-slip and impermeability condition on the walls expressed in stream

function form is

Wrxx0)=0  Fxx1=-1 W (0,y%) =0 W,y =0  (8)
oy* oy* ox* oxX*

And the no-slip condition for the groove axial direction velocity is
wX(x*,0) =0 wH(x*, 1) = -1 w*(0,y*) =0 w*(1,y*) =0 (9)
Once the flow field is found in the x*-y* plane, the static pressure field can be

found from the dimensionless Navier Stokes equations modified in the following way.
using the dimensionless stream function and vorticity:

For Re = 1 (ref. 1):

2 2 .
oY _ _(oyr 9Tyr 23y oty ) 11 F s WX (10)
ox* dy* oy* ox* ox* ax*2 Re A oy* ox*

2 2
opr __ (awr Pyr 2awr Pwr |\ 1, 80 o oyt ()
oy* ay* 8Y*Z 0X* gx* oy* Re ox* oy*

For 0 < Re =< 1 (as stated in ref, 2, the pressure has to be rescaled for small val-

ues of Reynolds number):

2 2 *
A opr oy aTyx 20y oy ) 1 1 XT L, Y (12)
Re ox* oy* oy* ox* ox* 8x*2 Re 2 oy* ox*




1oapefogr e a2apr tr ) L1, L (g
Re oy* ay* ay*2 9x* ox* Jy* Re ox* ay*
where P*' = ReP*.

In reference 2 results of the integration of the pressure distribution on the moving
wall surface which yields a net lift force are shown. This net lift force per axial length
is found from

1
S L (14)
Axial length ~O0

In reference 2 it was further stated that if degassing occurred at the trailing edge (this
region would be at ambient pressure) then a net lift force would occur only along the
leading edge interval. The leading edge interval is defined as the range of x* values
from the point X*P*>O (where P* is always greater than 0) to the point x* = 1.

Leading-edge force _ /‘1 P* dx* (15)

Axial length
& X*px_p

Outline of Solution

Due to the geometrical configuration and the nonlinearity of the flow field equa-
tion (4), analytical solutions are extremely difficult to obtain; however, equations (3),
(4), (10), and (11) can be solved numerically.

The basic nondimensional flow field equations (3) and (4) are solved for the stream
function * and vorticity (* distributions using finite difference techniques and suc-
cessive overrelaxation, similar to that used by Lieberstein (ref. 3). Once yY* and ({*
are known, the normalized pressure field is calculated from equations (10) and (11),
using a finite difference scheme suggested by Burggraf (ref. 4). From the results of
equations (3) and (4) the dimensionless z*-directional flow w* and net volume flow Q;
can be calculated for specified values of the constant groove axial pressure gradient
oP*/0z*. Equation (5) is solved by the method of finite differences for the w*-field and
Q; is calculated from

1,1
Q =f0 '/O‘w*dy*dx* (16)



Finite Difference Method

A grid of mesh points (i, j) is constructed over the positive x*-y* plane (fig. 3)
with i increasing for decreasing y* values and j increasing for increasing x* val-
ues. With this mesh, equations (3) to (5) can be developed into appropriate difference
forms for solution on a digital computer. Central differencing techniques were used in
the equations whenever possible; however, forward or backward differences were some-
times used especially at the walls, The FORTRAN IV computer programs are described
in appendix C. The first program for the numerical solution of an idealized spiral-
grooved pumping seal model calculates the vorticity and stream function, the u*- and
v*-velocity profiles, the normalized pressure field, and the net lift forces. The second
program calculates the w*-velocity profile and dimensionless net volume flow rate
along the groove axis.

The initial distribution for the stream function is assumed as a linear function with
Y* =0 at the walls and y* = -0.1 at the center of the rectangular groove. For the
case X =1, square groove, the stream function contours are squares of constant value.
Various other distributions including y* equal to a constant for all interior points were
examined but were found to be less efficient in that more iterations were required to ob-
tain convergence. The vorticity initial distribution is calculated at all interior points
using equation (3) which in difference form becomes

-2 * o Dok
S (% o1 - 255+ U4

1,] 1, j—

.1 *
5 1) (‘f/i- 1,j 2+ wfﬂ,j) (17)
AxX* AAY*

2

At the boundaries the initial vorticity values are calculated from equations (B3) and (B4).
In finite difference notation these equations in dimensionless form, become
(1) Lower stationary wall

X _ 2
qmax,j - ) <wikmax,j " Ymax- 1,j> (18)

AAY*

(2) Left stationary wall

)
T,1““‘2<i‘,1‘ f,z) (19)



(3) Right stationary wall

o
o jmax = <’Vi",jmax - ¥4 jmax-1) (20)

AX*

(4) Upper moving wall

KAy*u (w B w’é,] ) Ay*) (21)

The solutions to equations (3) and (4) are calculated in an iterative routine in which
the stream function or vorticity field is scanned once before entering the other field. In
the literature, other authors (e.g., ref. 5), who have solved similar boundary value
problems, have scanned each field a various number of times (from two to 50) before en-
tering the other field. The present authors feel that this only overcorrects the values in
that particular field, especially when a relaxation factor is used in the calculations. In
the iterative process equation (4), which in difference form is

1 Re
—_ 2*. * - 2L ¥ o) = — ¥, .
9 (1 j+1 7 4 i,j- 1> 12 Ay 2 @1 1,j C1,3 * 1+1,J> 4AK*AY* (%-1,]

Ax*
i*+1,j> <q,j+1 - Ci‘,j-1) - ( {1 wf,j-l) (tf-1,j - C{‘+1,j> (22)

serves as the basis for the vorticity calculations at the interior points; equations (18)
to (21) are used for the vorticity boundary values. The values of the stream function at
the interior mesh points in the iterative process are calculated from equation (17), while
the boundary values are fixed at y* =0

The successive overrelaxation technique used in this analysis is based on a paper
by Lieberstein (ref. 3). The basic iterative relaxation equation is

n+1 n wf(YI’ YZ3"”Yk)

'y 1,595 - -5 V)
where y and y +1 are either % I or §* . atthe n or n+l iteration;
f(yl, Vo). - yk) is e1ther equation (17) or (22), ! (yl, Yore--s yk) is the combined coeffi-

cients of zp* j from equation (17) or the combined coefficients of C{ i from equa-
} H



tion (22); and « is the relaxation factor. In evaluating f(yl, Yor--> yk) and

f! (yl, Ygs-ves yk) the most recent available values for the y's are used. Substituting the
appropriate terms into equation (23) yields the following equations for the vorticity and
stream function as coded in the computer program:

" c,,<n+1 C,,(n+1 +Ox

C,{n+1 (1- aes -, it PSH-1, S 1+1 il Re
L L] Axck2 22 ay*2 4Ax* Ay*
x | (ys | - gl xn+1
(“’1,3+1 ¢1’3'1> <§i-1,j - 8 5
n n n n+1
- <¢T- 1,j" ¢ik+1,j> <Ci‘,j+1 - o > (24)
/ 1;]_1
K
n+1 n 1 n+l1
v = - el - — _<¢1 g 1>
Ax*
1 W«n+1 n+1
+ 2( {-1,] ¢1+1 ]> CT,J' (25)
A Ay*
where
K, = ©

1
of 1 .1 )
Ax*2 }\2 Ay*2

Values of w between 0 and 2 are used as relaxation factors, but the optimum value
for most rapid convergence depends on the aspect ratio and mesh size. For w = 1, this
iterative process reduces to the Liebmann iterated forms as used by Mills (ref. 5).

Once the stream function field has been found the u* and v* velocity components in
the x*- and y*-directions, respectively, can be calculated from equation (1).

e bR o £ R s e T e



The stream function boundary conditions (eqs. (7) to (9)) specified in terns of veloc-
ity boundary conditions are

u*(0, y*) = u¥(1,y*) = u*(x*,0) = 0, u*(x*,1) = 1
v*(0,y*) = v¥(1,y*) = v¥(x*,0) = v¥(x*,1) =0 (26)

In central difference notation these equations become

* _ 3
w2 LT ¥y
1,] 2 Ay*
and } 27
* -
R S e S
L] 9 AX*
-

These equations are used in this form to calculate the velocities at all interior mesh
points.

The static pressure field is obtained by a point-to-point integration of equations (10)
and (11) over a single mesh width. At each mesh point the values obtained from the two
equations are averaged to find one pressure for each point. Substituting equation (1)
into equations (10) and (11) and rearranging terms yields the following forms from which
the static pressure is calculated:

2 2
a_P*z_L_l_a_Ci+>\§*v*—u* oyt +?\2v*——a v (28)
ox* Re A oy* oy* ox* ax*2
aP* _ 1 . o+ 2yx o . Pyx
— == A2 - XFuK -y T 2T (29)
oy* Re ox* ay*z ox* oy*

For the case 0 < Re = 1, the corresponding static pressure (P*') equations are obtained
by multiplying the right side of equations (28) and (29) by Re.

In the finite-difference representation of these equations the pressure partial deriva-
tives are approximated using forward or backward differences and the values of the pres-
sure at adjacent mesh points. Each of the terms on the right side is calculated at the
same pair of adjacent points and then corresponding terms are averaged to give one ap-
proximation for each term. For example, in equation (28), the pressure term is approxi-



mated using points (i, j) and (i, j+1) on the grid. Each term on the right side is then eval-
uated at (i, j) and at (i, j+1); the value of a term from (i, j) is averaged with the value
from (i, j+1) to give one approximation in the finite-difference representation.

To adjust for the discontinuity in the vorticity at the junctions of the moving wall
with the stationary walls the following scheme was adopted for these two points:

(1) If the term being defined is a partial derivative, the value of the vorticity is
chosen in the same direction as the derivative; for example, the values for 9*/ox* are
calculated from equation (21), and the values for o{* /oy* are calculated from equations
(19) or (20).

(2) If the term being defined is the vorticity itself, the value chosen is dependent on
the direction of the pressure derivative term; for example, the value of the vorticity
used in equation (28) is calculated from equation (21), and the value in equation (29) is
calculated from either equation (19) or (20). The finite-difference equations representing
equations (28) and (29) at the interior mesh-points, along the walls, and at the corners

are thus given by

(1) Interior points

* . Px*x * -C*
R Y S S R N

Ax* Rex 2 2 Ay* 2 Ay*

Mlex yr tx . y* .
OSSN 1,1—1V1,1-1>

* _p*
81,5-17 541,51 )\(

* - * * -
o (e ” Yo P e T Ve
L] 4 Ax* Ay*

* _U* -
¥y o M2 T ¥, -2 T Vi
Li-1 4 Ax* Ay*

* -
Ml (M Py ¥
2| b1 Axr2

*  _ * *
I S R N

Ax"‘2

(30)

*
* Vi7 j"]-

10



- _ex* * -
b Wt (O TR BN Y (S S T Gt 15 U L (5 U5 T s €5 VS S0 W W S
Ay* Re 2 2 Ax* 2 Ax* 1,371,) Ci+l, jixl
* - * *
X Y1, T 295 T Yy
i,]
2 Ay+2
* | . * *
PO % Ralns S W e T2 N
i+1,] 9
Ay*
* - -
A2 (Ynie s Mg o1 - Y e
2 | 13 4 AX* Ay*
FVE L. wijﬂ__, wik,j-l + 1pi'(4-2,j_-'1 - wik+2, j+1 (31)
i+1,] 4 Ax* Ay

(2) Boundary points

In equations (32) through (47) which follow, the zero-valued terms due to the boundary
conditions of the spiral-grooved pumping seal have been omitted.

(a) Stationary wall (x* =0, 0 < y* < 1)

- * * - % -
Plo-Pla_ 1 1Sy %1 Sig2 Sy uf o

AX* Rex 2 2 Ay* 2 Ay*

A
v 22"

Vs Wi e "W 2 - M) 2 Ve (Ma - 2¥ s ¥ 2

(32)
2 AX* Ay* 2 2

AX*

11



Pra- Pl

*
A 12 S e S
Ay* Re

AX* AxX*

1 (33)
2

(b) Stationary wall (x* = 1, 0 < y* < 1)

Pl imax =~ P jmax-1_ _ 1 1{%1, jmax = Sie1,jmax | Sio1, jmax-1 ¥ 81, jmax-1
Ax* Rex 2 2 Ay* 2 Ay*
* .
Rex vE _ 4, jmax-1
9 i, jmax-1"1, jmax-1 9
% "Lik-l,jmax—l B ¢ik-1,jmax—2 * ¢ik+1,jmax—2 - ¢ik+1,”j_r§ax—1_
2 Ax* Ay*
* * Ok *
o2 1, jmax-1 Y jmax-1 z‘pi,jmax-z*wi,jmax:q (34)
2 Axr2
- * - -
Pik,jrnax Pik+ljjmax=_>\_l gi,jmax Cik,jma.x:l +§ik+1,jmax Cik+1,jmax-1 (35)
Ay* Re 2 Ax* Ax*

p

(c) Stationary wall (y* =0, 0 < x* < 1)

* . - P* .
imax, j imax,j-1_ 1

1
AX* Rex 2

- * -
Sfmax-1,j = Simax,j  Simax-1,j-1~ Y{max,j-1
Ay* Ay*

X

12

Tt ——



- * - ¥ .
P’i", max-1,j ~ leax,] -1 §)i.‘ma.x,r_j+1 C{max,j-l +Cimax-1,]+1 C1m:3.x-1,]-1
Ay* Re 2 2 Ax* 2 Ax*
P
Aex ¥ - Dmex-1,j
9 imax-1,j imax-1,]j 9

2 Ymax-1, j
2

Ymax-3,7 - *¥fmax-2,j * Wmax-1,j

X + A

Ay"‘2

Yimax-2,+1 =~ $imax-2,i-1 ¥ Ymax-1,j-1 - “imax-1,j+1 (37)
2 AX* Ay*

X

(d) Moving wall (y* =1, 0 < x* < 1)

% - -
Cl;] CE:J +§>{’J_1 §§’J_1
Ay* Ay*

1( %1 5017 ¥15-1* %8 5-1 7 ¥ i

2 2 AX* AY*

+ ¢i’j_ uﬂiyl_z i wﬁ:]'z j lp)ﬁ)]
2 AX* Ay*

(38)

13



5,17 ¥ VL

+A7 =2 s - 07 T
2 2 AX* Ay*

(e) Corner point (x* =0, y* = 1)

Ay*z Ay*

Plo-Pha_ 1 1f%1 S12-%a\ 1[Y2-Yi1*¥%, 1" %2
Ax¥* Rex 2\ Ay* Ay* 2 AX* Ay*
1,3 ¥i,2*¥3 2- ¥ 3
Ax* Ay*
PLi P51 a 1ff,2-%1 %3,2-%51
Ay* Re 2\ Ax* Ax*

(f) Corner point (x* =1, y* = 1)

14

(39)

(40)

(41)



- *
Py jmax = P1,jmax-1_ _ 1 1[°%%, jmax  °1,jmax-1" °3, jmax-1
Ax* Rex 2 Ay* Ay*
1 l‘Vi,]ma.x ¥i jmax-1 * lpﬁ,jmag;fl - ”Lﬁ,jmax
2 AX* Ay*
- * -
VA, jmax-1" Y1, jmax-2 * ¥3, jmax-2 ~ ¥3, jmax-1 42)
AX* Ay*
* - % - .
Pi, jmax = P3, jmax _ 2 1(%1, jmax ~ °3, jmax-1 _ °%, jmax = °3, jmax-1 43)
Ay* Re 2 Ax* AX*
(g) Corner point (x* =0, y* = 0)
P{max, 2" 1:’ikmax, 1__ 1 1 §ikma.x-l, 1” §{(ma.x, 1, S {max- 1,27 a:ikmax, 2 (44)
AxX* Rex 2 Ay* Ay*
Pimax-1,1" Pimax, 1 _ 2 1 %{max,2 ~ Hmax, 1 Simax-1,2 ~ {max-1,1 (45)
Ay* Re 2 Ax* Ax*
(h) Corner point (x* =1, y* =0)
P{max,jmax - 1:‘ikmax, jmax-1_ 1 1 '_;_ikmax—l, jmax ~ c{(max, jmax
AX* ReX 2 Ay*
C* . - ¥ .
- imax-1, jmax-1 imax, jmax-1 (46)

Ay*

15



~ Px* _P*
Prmax-l,imax Pima.x,jrga;_;:Ll Cikmax,jmax gimax,jma.x-l
Ay* Re 2 AxX*
* . - CF .
4 lmax-1,jmax  *imax-1, jmax-1 47)

AX*

The initial distribution across the entire static pressure field is constant at P* = 1.
The program then iterates on the pressure field from top-to-bottom and left-to-right un-
til convergence is achieved. The normalized static pressure field is calculated by sub-
tracting from all the pressures in the field the value at one reference point specified as
a program input, It is felt that this normalization method presents more useful results
rather than the pressure ratios presented in references 1 and 2.

Bothintegrations in equations (14) and (15) in finding the net lift force per axial
length and leading edge force were performed numerically using Simpson's rule.

In program two, the w*-velocity profile is calculated based on the stream function
distribution calculated in program one. The stream function data are read in to pro-
gram two, and the w*-field is initially equal to one, except for the boundary conditions
presented with equation (5). If for a certain set of parameters, Re and A, the w*-field
is to be calculated for more than one value of 29P*/3z*, the initial value of the w*-field
for the succeeding 8P*/0z* value is set equal to the converged value from the preceed-
ing 0P*/dz*. Lieberstein's (ref. 3) successive overrelaxation technique is again used
in the solution of equation (5) with the yi's of equation (23) being equal to the latest
available values of W’i", i The f(yl, Voreoos yk) is evaluated from the following equation
which is the finite difference form of equation (5):

* - U* * ~ Wk * - ¥ * S
Vg - ¥\ (M~ WMo (¥Eaer T ¥ gen (Mg Vg | e
2 Ay* 2 Ax* 2 Ax* 2 Ay* oz*
wk . . - 2wk . +w¥. w¥ o .- 2wF . o+ wE .
S S | O 3 St ¥ S 75 2 S0 IS T SRS Cp V) L~ "L C (48)
Re Ax*2 22 Ay*2
And f (yl, Yor--- ,yn) is the combined coefficients of w’i" i from the preceding equation.

16



Substituting the appropriate expressions for f and f' into equation (23) yields the
z*-directional flow equation as coded in program two:

n n+l
1 aveaD ¥a,g ey \ (Y01 - -1
1 "")Wi . + Re Ky
>3 2 Ay* 2 Ax*

«n+1

Wk,
1,]

n+l n
Yae - ¥on) (Wi~ W)
2 Ax* 2 Ay*

£ «n+1 KN+l "]
LoPr 1 HYger TV 1), 1 (Mg T e

9z* Re Ax*z 32 AY*Z

(49)

where K, is defined in connection with (24) and (25). The range of the relaxation factor
w is between 0 and 2. 0 with an optimum value of approximately 1.3 for Xx =1 and

29 mesh points in the x*- and y*-directions. Other combinations of X and grid size
have different optimum relaxation factors.

After the w*-field has iterated to convergence within the prescribed error condi-
tion, the net volume flow is calculated from equation (16) using the method of mechanical
cubature., A requirement of this method, which is based on Simpson's Rule of integra-
tion for two dimensions, is that there be an odd number of mesh points in both the x*-
and y*-directions so that the proper weight factors will be applied in the cubature

scheme. The double integral in equation (16) is thus approximated by the double sum-
mation as given by

imax-1 jmax-1
_ AX* Ay*
Q- D) D tewp e a(WEyg s )
i=2,4,6,... j=2,4,6,...

WE 1, 5.1 TV e VL 51 T Y (50)
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Convergence Remarks

A solution was considered to have converged when the following criteria were met:

1. The relative change in the values of the stream function, pressure distribution,
or axial velocity distribution between two successive iterations was less than a pre-
scribed maximum for all mesh points; for example,

fn+1 _ 0
— < Prescribed maximum
fn+1

2. The values of the stream function and vorticity at any mesh point changed less
than 1 percent when the number of mesh points was doubled in either direction.

In addition to the convergence criteria, the effect of round-off error on the results
of reference 1 was checked by doubling the precision of the computing machine calcula-

tions.

Computer Program Formulation

As mentioned in the previous section, the equations in finite difference form are
solved on a high-speed digital computer. A complete description of the program is pre-
sented in appendix C. The program listing is given in appendix D. Figures 4 to 12 pre-
sent the computer program flow charts. Flow charts of the main program, stream func-
tion and vorticity, u* - and v*-velocities, pressure field, w*-velocities, and net volume
flow @Q* calculations are shown. A sample problem for the case where A = 1,

Re = 100, and (2P*)/(2z*) = -0. 115 with its input and output is given in appendix E.

(Plots of this case are in ref. 1.)

Program Use for Other Physical Problems

The computer program finds the stream function and vorticity in the groove cross-
flow plane by solving equations (3) and (4), which are the following:

Vz,’[,* SN & (3)
a2ex 1 plex Ju* oC*  gyu* ack
—>_+-- 2 =Re - — (4)
2 2 2 Jy* ox* ox* oy*

ox* AT oy*
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These equations can be combined and placed in the following form (The aspect ratio
A can be eliminated by redefining the independent variables):

2
v4¢* = Re M (51)
o(x*, y*)

The computer program can be used to solve many problems in mathematical physics that
appear in this form or are reducible to this form. For example, the biharmonic equa-
tion (This is the creeping flow case discussed in ref. 1) V4:,L* =0

Laplace's equation

Poisson's equation
V2¢* = -C*

Of course, the proper transformation of the variables must be made to the form
solved in the computer program. The proper boundary conditions must be specified.

The coding in the FORTRAN IV computer program contains all the boundary terms
including the zero-valued terms omitted in equations (32) through (47) which were spe-
cifically written for the spiral-grooved pumping seal. The configuration must be rec-
tangular.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, October 29, 1970,
126-15.
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APPENDIX A

SYMBOLS

groove width

numerical coefficient

groove depth

net moving surface lift force

dimensionless lift force, (F/bAOU2 sin"2 a) X (total axial length)
numerical coefficient

iteration number

static pressure

dimensionless pressure, Pb/uU sin o (for 0 <Re = 1)

dimensionless pressure, P/pU2 sin? (for Re > 1)

dimensionless groove axial pressure gradient, constant

net volume flow rate, groove axial direction
dimensionless net volume flow rate, QZ /(dbU cos «)
Reynolds number, (bU sin «)/v

moving wall velocity

velocity in x~direction

dimensionless velocity, u/(U sin )

velocity in y-~direction

dimensionless velocity, b/d[v/(U sin oz)]
velocity in z-~direction

dimensionlesss velocity, w/(U cos a)

cross groove coordinate

dimensionless coordinate = x/b

mesh width in x*-direction

groove depth direction coordinate

dimensionless coordinate = y/d



Y*

C*

V4

B, V2u)

a(x*, y*)
Subscripts:
i

imax

jmax

mesh width in y*-direction

groove axial coordinate

dimensionless coordinate, z/(b tan @)

angle between moving wall direction and groove axis
aspect ratio, equal to groove depth to groove width, d/b
absolute viscosity of fluid

kinematic viscosity of fluid

stream function, defined in x-y plane

dimensionless stream function, ¢ /(dU sin a)
vorticity component in z-direction

dimensionless vorticity, ¢b/(U sin a)

relaxation factor

Laplacian operator, | A + =

3 4

biharmonic operator, | + 2 + 9
A

2 2 4

4 oy* A oy*

0xX* OX*

ay* aviyx  ayr aviyr
ox*  oy* oy*  ox*

Jacobian operator,

mesh point in y*-direction

maximum value of mesh point in y*-direction (y* = 0)
mesh point in x*-direction

maximum value of mesh point in x*-direction (x*

1)

boundary reference point
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APPENDIX B

FIRST ORDER VORTICITY BOUNDARY VALUE APPROXIMATION

The boundary conditions for the stream function are known on the boundary because
the normal and tangential velocities must satisfy the impermeability and no-slip condi-
tions at the wall, The vorticity value on the boundary must be calculated and will vary
from iteration to iteration until a specified convergence criterion is satisfied. The vor-
ticity at the boundary can be found by the following first order approximation.

Consider the boundary along the x*-axis as shown in figure 13. The stream function
expanded in a Taylor series about point 0 is

2/(.2
¢1=¢3+<Ay*’<a¢*> I e R Sl (B
0 2! 5 %2

Y Jo

Using equation (3) which relates the stream and vorticity functions yields

L) - e (B2)

ox*

Substituting equation (B2) into the truncated Taylor series expansion (B1) results in

0g =—2— g - v1 + (ay") <-2-i€5> (B3)
2 Ay*) Y Jo

In like manner if the wall were along the y*-axis, the wall vorticity equation is

g = 2 wa-wpmx*)(a"”*) (B4)
(ax%) /o
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The resulting vorticity boundary conditions are found by substituting the boundary
conditions equations (7) and (8) into equations (B3) and (B4) and are for stationary walls:

~2U*
§6 = i- (horizontal)
May*)?
22y
t 6 = (vertical)
(ax*)

and for a moving wall
2(-¥4 + Ay¥)

gk =
0 2

A(Ay*)

where :,l/’{ is the stream function value in the flow field which is Ax* or Ay* away
from the boundary whose stream function has a value ¢6. (See fig. 13.)
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APPENDIX C

DESCRIPTION Of COMPUTER PROGRAMS
Program ISGPSM

The computer program for the numerical solution of an idealized spiral grooved
pumping seal model (ISGPSM) consists of the MAIN program and the following sub-

routines:

SVCALC enters the input data and calculates the stream function and vorticity distribu-
tions and many of the constant terms used throughout the program.

INDIST generates the stream function initial distribution,

ZETAF generates the vorticity initial distribution.

VORTWL calculates the values of the vorticity along the moving and stationary boundary
walls,

UVFUNC computes the u* and v* velocity profiles in the x* and y* directions,
respectively.

PRESS calculates the static pressure field based on the stream function and vorticity
distributions and then the normalized pressure field with reference to a predeter-
mined point.

BCDUMP punches data in sequentially numbered absolute binary cards with a maximum

of 22 words per card.

Program ISGPSM is structured to make use of the overlay feature of the computing
machine loading system (IBLDR) which saves in auxiliary storage those sections of the
program currently not being executed. The use of this feature thus provides for a maxi-
mum of 65 mesh points in both the x*- and y*-directions. Figure 14 is a chart of the

overlay structure of the entire ISGPSM program.
The input to program ISGPSM is a comparatively few number of variables which are
entered on one data card. The following is a list of the variables and the definition of

each:

LAMBDA  aspect ratio
RE Reynolds number
OMEGA relaxation factor [0, 2. 0]
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PCT maximum allowable relative change between two successive iterations of the
stream function or static pressure field calculations at any mesh point

NOPTY number of mesh points in y*-direction (maximum number = 65)
NOPTX number of mesh points in x*-direction (maximum number = 65)
NOLINY number of lines of output data in y*-direction (maximum number = NOPTY)

NOLINX number of columns of output data in x*-direction (maximum number = 15)

NOLINY and NOLINX should be chosen such that (NOPTY - 1)/(NOLINY - 1) = Ky and
(NOPTX - 1)/(NOLINX - 1) = Ky where KX and Ky are integers. The program will
then print lines 1, 1 + Ky’ 1+ 2K NOPTY and columns 1, 1 +K_, 1 +2K_,. ..

vt

NOPTX.

IREF mesh point number in the y*-direction for predetermined reference point in
the normalized pressure field calculations

JREF mesh point number in the x*-direction for the predetermined reference point
in the normalized pressure field calculations.

NOW a control word for the w*-velocity calculations; if NOW equals any nonzero

integer, the converged values of the stream function at all mesh points
will be punched into cards for use in w*-velocity profile program, but if
NOW equals zero, no card punching will occur.

NOPLOT a control word for the normalized static pressure field plots. I NOPLOT
equals any nonzero integer, the normalized static pressure field is
punched using program BCDUMP for use with Canright and Swigert (ref. 6)
three dimensional plotting program, but if NOPLOT equals zero, no card
punching will occur,

PROBNO a control word for the type of problem to be solved. If PROBNO # 0, the
program will solve Laplace's equation (£* = 0) or Poisson's equation
(z* = f(x,y)). H PROBNO = 0 and Re = 0, a solution to the biharmonic
equation is obtained.

FLUFLG a control word for additional fluid flow calculations. If FLUFLG = 0, the
u* and vX velocity profiles and pressure fields will be calculated.

56 59[62
x| X x| _

The format for this card is (4F8. 0, 1013).

41] 44
Xx| XX| XX| XX

-3

1 8|9 16(17 24[25 32 35] 38 47) 50| 53 72i73 80

X, XXX| XXX X. XX . XXX| XX| XX x|
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The printed output from the ISGPSM program includes the aspect ratio, Reynolds
number, relaxation factor, maximum allowable relative change, number of iterations to
convergence of the stream function, and the number of increments in the x* and y*
directions, Also printed are paragraphs of data NOLINY lines long and NOLINX columns
wide of the stream function and vorticity, the u* and v* profiles, and the static and
normalized pressure fields with the number of iterations to convergence of the static
pressure field. - Following the normalized pressure field are the leading edge region and

whole surface net forces.

Program WFIELD

Program WFIELD is a FORTRAN IV computer code for calculating the z*-direction
velocity profile w* and the dimensionless net volume flow rate Q; along the groove
axis. LAMBDA, RE, OMEGA, PCT, NOPTY, NOPTX, NOLINY, and NOLINX are the
first input variables to WFIELD and are entered on one data card. The definition of these
variables is the same as for the first eight variables in the ISGPSM program and the for-
mat for this card is (4F6.0, 41I3)

1 6|7 12|13 1819 24| 27; 30| 33| 36|37 ' 72{73 80

X. XXX| AXX. X XX XXX XX XX| XX| XX

The second set of input cards is the values of the stream function (PSI) at all mesh
points., These cards are punched in the format (9F8, 2) by the ISGPSM program when
the variable NOW is not equal to zero. The number of cards required is dependent on
the grid size with a maximum of nine data words per card. The dimensionless groove
axial pressure gradient 9P*/dx* which in the program is denoted by DPDZ, is the last
input variable. For a specific geometry and stream function distribution, the w*-
velocity profile and net volume flow may be calculated for several dP*/dz* values;
however, each value must be entered on a separate data card in the format (¥8. 0).

1 8|9 72|73 80
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The output from the WFIELD program is the aspect ratio, Reynolds number, relaxa-
tion factor, maximum relative change, number of iterations to convergence, number of
increments in the x* and y* directions, and pressure gradient. Associated with a
particular pressure gradient, the w*-velocity at the specified mesh points and the net
volume flow along the groove axis are also printed.

Program GRAPH

The three-dimensional plots of the normalized pressure field are generated using
program GRAPH, subroutine PSURF, and the PLOT3D package of subroutines of Canright
and Swigert (ref. 6). (It is assumed that the users of program GRAPH have the appro-
priate Calcomp plotter available although this is not necessary to use programs ISGPSM
and WFIELD.) The data to be plotted is read by the computer via the FORTRAN IV pro-
gram GRAPH. The PLOT3D subroutines then analyze the data to establish the array of
coordinates of each point to be plotted, scale these values to the size of the plotting
paper, and set up the figure axes. If the axes are to be rotated to present a nonstandard
three dimensional projection, the data points and figure axes are transformed to the new
coordinate system. The information on the data points, figure axes, and figure labels is
then written on a magnetic tape for further processing by a California Computer Products
(Calcomp) magnetic tape plotting system.

The input to program GRAPH is LAMBDA, NOPTY, NOPTX, and

NOYPLS number of planes parallel to x*~-P* plane or perpendicular to the y*-axis
NOXPLS number of planes parallel to y*-P* plane or perpendicular to the x*-axis
XSCALF |x*-, y*- and P*-direction scale factors used to adjust the coordinates of
YSCALF each point to match the size of the plotting paper and present the plot in

the proper perspective (These scale factors are dependent on the amount

PSCALF of hardware on the Calcomp plotter.)

These variables are entered on one data card in the format (F6. 0, 413, 3F6.0).

1 67 9l10 12 19 24(25 30

XX]

13 15|16 18
XXl XX

31 36([37 - 72[73 80
j XX .

X. XXX| XX X. X| X. X
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In addition, the normalized pressure distribution at all mesh points is read from punched
cards via the BCREAD input routine. These cards are generated in subroutine PRESS of
the ISGPM and are punched by the BCDUMP routine in column binary format,
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APPENDIX D

PROGRAM LISTING

$IBFTC MAIN LIST.DECK

c

COMMENT——-NUMERICAL SOLUTIONS OF CONVECTIVE INERTIA EFFECTS FOR AN

c IDEALIZEDy, RECTANGULAR, PARALLEL GROOVED PUMP - SEAL MODEL.
c

COMMON PSI(65+65)+ZETAI65965) 4NOPTX NOPTY,NPTXM1,NPTYML ,DX,DY,
1 TOODXS,TOODYS,LAMBDA, TWODX, TWODY ¢RE ¢ XINDX s YINDXsPCT,y IREF,JREF,
2 Ulb65,65)4V(65,565) yNOW,NOPLOT,FLUFLG,PARTSI,LMODXS,LMDYSQ,PROBND
INTEGER FLUFLG
1 CALL SVCALC
IF (FLUFLG .EQ. 0) CALL PRESS
GO TO0 1
END

$IBFTC CALCSV LIST,DECK
SUBROUTINE SvVCALC

c

COMMENT —— STREAM AND VORTICITY DISTRIBUTIONS.

c
COMMON PSI(65,65),ZETA(654565) ,NOPTX,NOPTY,NPTXML,NPTYML1,DX, DY,
1 TOODXS,TOODYS,LAMBDA, TWODX, TWODYRE s XINDX s YINDX,PCT 4 IREFsJREF,
2 Ul65+65)+sV{654+65) s NOWNOPLOTHFLUFLG,PARTSI,LMODXS,LMDYSQ,PROBNGC
DIMENSION PSIOUT(65,65)
REAL LAMBDA,LMODXS,LMDYSQ,LMSDYS
INTEGER XINDX,YINDX,PROBNO,FLUFLG
LOGICAL JAIL
WRITE (6,100)

100 FORMAT (1H18X,3B8HIDEALIZED SPIRAL GROUVED PUMPING SEAL./1X)

75 READ (5,3) LAMBDA,RE,OMEGA,PCT,NOPTY,NOPTX,NOLINY,NOLINX, IREF,JREF

A JNOW,NOPLOT,PROBNO,FLUFLG
3 FORMAT(4F8.0,1013)

NPTXM1= NOPTX-1

NPTYM1l= NOPTY-1

210 XINDX = NPTXML1/(NOLINX-1)
YINDX = NPTYM1/(NOLINY-1)
NPTXP1 = NOPTX+1
NPTYP1 = NOPTY + 1

DX = 1./FLOAT(NPTXMI1)
DY = 1./FLOAT(NPTYM1)

DXSQ = DX e DX

DYySQ = DY » DY

TWODY = DY + DY

TWODX = DX + DX

LMODXS= LAMBDA/DXSQ

LMDYSQ = LAMBDAx*DYSQ

LMSDYS = LAMBDA=LMDYSQ

RE4DXY = RE/4./DX/DY

PSIMLT = LMDYSQ=DXSQ/2./{LMSDYS+DXSQ)
ZETMLY = LAMBDA=PSIMLT
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TOODYS = 2./DYSQ

TOOOXS = 2./DXSQ

PARTS! =-2.#{(LAMBDA/DXSQ + 1./LAMBDA/DYSQ)
PARTZE = PARTSI/LAMBDA

OMOPSI = OMEGA/PARTSI

OMOPZE = OMEGA/PARTZE

TERM = OMDPZE #*RE4DXY
ONEMOM= 1.-0OMEGA

c
COMMENT—--STREAM FUNCTION INITIAL DISTRIBUTION.
C
CALL INDIST
c
COMMENT~--VORTICITY INITIAL DISTRIBUTION.
c
CALL ZETAF
15 ITKONT = O
c
COMMENT--ITERATIVE SOLUTIONS.
c
17 ITKONT= JTKONT+1
JAIL= .FALSE.
IF (PRORNO .NE. 0) GO TO 21
CALL VORTWL
DO 20 J=2,NPTXM1
DO 20 [=2,NPTYM1
ZETA(T,J) = ZETA{TI,J)*=0ONEMOM - OMOPZE#({{(ZETA(I,J+1)+ZETA(I..J-1) )}/
1 DXSQ + (ZETA{I+1,J)+ZETA(I-1,J))/LMSDYS)
20 IF (Rt «GTe OGJIZETA(I3) = ZETA(I,»J)-TERM={{PSI(1+J+1}-PSI(IsJ=-1))
1 #(ZETA(I-1,J)-ZETA(LI+1,J)) - (PSI(I-1,3)-PSI(I+1,J))=(ZETA(I, +1)
2 -LETA(I,J-1)))
21 DO 22 J=2,NPTXM1
DO 22 1=2,NPTYMI1
PSIF= PSI{I,J)*ONEMOM ~ OMOPSI*(LMODXS#(PSI(I,Jd+1}+PSI(I,J-1))+
1 (PSI(I+1,J)+PST{I-1,J))/LMDYSQ + ZETA{I,J))
IF (JAIL) GO TG 22
23 IF (ABS{(PSIF-PSI{I+4))/PSIF) .GT. PCT) JAIL = .TRUE.
22 PSI(Isd4)= PSIF
IF (JAIL) GO TO 17
45 WRITE {(6,46) LAMBDA,RE,OMEGA,PCT,ITKONT ,NPTXML ,NPTYM]
46 FORMAT (99X BHLAMBDA =F6.3+5X+4HRE =E12.4,5Xy 19HRELAXATION FACTOR
A=F5.279Xy 24HMAXIMUM RELATIVE ERROR =F3.6,5X,22HNUMBER OF ITERATION
BS =15/9Xs37THNUMBER OF IMCREMENTS IN X-DIRECTION =14,5X,16HIN Y-TIR
CECTION =14/1HO8X,24HSTREAM FUNCTION X 10E+4,/1X)
c
COMMENT--STREAM FUNCTION AND VORTICITY OUTPUT .
c

DO 50 J=1,NOPTX

DO 50 I=1,NOPTY
50 PSICUT(I,Jd)=PSI(I,J)=l.E+4

IF (NOW «NE. 0) PUNCH 48, ({PSIOUT(I+4),I=1,NOPTY),J=1,NOPTX)
48 FORMAT{9F8.2)

DO 51 [=1,NOPTY,YINDX
S1 WRITE (6452) (PSIOUT(I+4)+J=1,NOPTX,XINDX}
52 FORMAT(9X,15F8.2)

WRITE (6,64)
64 FORMAT(1H18X,10HVORTICITY,»/1X)

DO 67 I=1.NOPTY,YINDX
67 WRITE (6968) (ZETA(I4J) +J=1,NOPTX,XINDX)
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68 FORMAT(GX,15F8.3)
IF (FLUFLG .EQ. 0) CALL UVFUNC
RETURN
END

$IBFTC DISTI LIST,DECK
SUBROUTINE INDIST
COMMON PSI(65465)ZETA(65,65) yNOPTXyNOPTY o NPTXML4NPTYM]L,DX DY,
1 TOODXS,»TOODYS,LAMBDA, TWODX s TWODYsREXINDX+YINDX,PCT, IREF,JREF,
2 Ul65565),V(65,65) ¢NOW,NOPLOT,FLUFLG,PARTSI,LMODXS,LMDYSQ,PROBNC

NPTXPl = NOPTX+1

NPTYPLl = NOPTY+1

MIDPTX = NPTXPLl/2

DO 8 J = 1,MIDPTX

PSITRM = -.22FLOAT(J-1)#DX

MAX = NPTXP1l —J
DO 8 I=1,NOPTY
PSI{I,J)=PSITRM

8 PSI(I+MAX)=PSITRM
MIDPTY=NPTYP1/2
JMIN=0
JMAX=NPTXP1
DO 10 I=1.MIDPTY

PSITRM = — 2%FLOAT(I~1)=DY
MAX = NPTYP1 - 1

JMIN = JUMIN+]1

JMAX = JMAX -1

IF (JMIN .LE. JMAX) GO TO 9
JMIN = NPTXPL/s2

JMAX = (NPTXP1 + 1)/2

9 DO 10 J=JMIN, JMAX
PSI(I»J)=PSITRM
10 PSI(MAX,J)=PSITRM
RETURN
END

$IBFTC ZETAXY LIST,DECK

SUBROUTINE ZETAF
COMMON PSI(65,65),ZETA{(65,65) yNOPTX,NOPTYyNPTXMLyNPTYML,DXsCY
1 TOODXS,TOODYS»LAMBDA, TWODXs THODY +REXINDXYINDXsPLT o IREF+JREF.
2 U(65,65),VI65,65) s NOWsNOPLOTFLUFLG,PARTSI,LMODXS,LMDYSQ,PROBNC
REAL LMODXS,LMDYSQ

14 DO 16 J=2,NPTXM]
DO 16 I=2,NPTYM]

16 ZETA(I,J)==PARTSI*#PSI{I1,J)-(LMODXS*#(PSI(I,J+2)+PSI(I.,J-10) +
HPSI(I+1,9)+PSI(I-1,J))/LMDYSQ)
DO 12 J=1,NOPTX,NPTXM1
DO 12 [=1,NOPTY,.NPTYM1

12 ZETA(I,J) =0.0
RETURN
END
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$IBFTC VRTWAL LIST,DECK
SUBROUTINE VORTWL

c

COMMENT--VORTICITY BOUNDARY VALUES.

C
COMMON PSI(65,65) 4ZETA(65,65) +NOPTXysNOPTY4,NPTXM1,NPTYM1,DX,DY,
1 TOODXS,TOODYS,LAMBDAyTWODXy TWODYsRE s XINDX s YINDX9PCT o IREFJREF,
2 U(65465),V(65,65) ,NOW,NOPLOTFLUFLG,PARTSI,,LMODXS,LMDYSQ,PROBNC
REAL LAMBDA
DO 10 J=2,NPTXM1

c

COMMENT--MOVING WALL.

c
ZETA{L1l,d) = (P51(1,J)-PSI(2,J)-DY)*TOODYS/LAMBDA

c

COMMENT--STATIONARY WALLS.

c

10 ZETA{NOPTY,J) = (PSI(NOPTY+J)-PSI{(NPTYM1,J))=TOODYS/LAMBDA
DO 20 [=2,NPTYM1
ZETA(I,1) = (PSI(I41)~PSI(I,2))*TOODXS=LAMBDA

20 ZETAII.NOPTX) = (PSI(I,NOPTX)-PSI(I,NPTXM1))#TOODXS#*LAMBDA
RETURN
END

$IBFTC FUNCUV LIST,DECK
SUBROUTINE UVFUNC
C
COMMENT —— U# AND V= VELOCITY DISTRIBUTIONS.

c
COMMON PSI{(65,65)4ZETA{65+65) ¢NOPTX NOPTY,NPTXMLNPTYML,DX,DY,

1 TOODXS,TOODYS,LAMBDA,TWODX,TWODY,RE, XINDX,YINDXsPCT,IREF,JREF,
2 Ul65+65)+V{65+65)+NOW.NOPLOT,FLUFLG,PARTSI,LMODXS,LMDYSQ,PROBNC
: INTEGER XINDX,YINDX
i01 DO 102 I=1,NOPTY
Utr,11)=0.0
V(I,1)=0.0
U{I,NOPTX)=0.0
102 V(I,NOPTX)=0.0
DO 104 J=1,NOPTX
U(l,J) 1.0
Vil,J) 0.0
UINGOPTY.d) = 0.0
104 V(NOPTYyJ) = 0.0
DO 106 J=2,NPTXM1
DO 106 I=2,NPTYM1
U(TI+J) = (PSI(I-1sJ) = PSI(I+1,J))/TWODY
106 VI(I,J) = —(PSI{I,J41)=-PSI{(I[,J-11)/THWODX
WRITE (6,1000)
1000 FORMAT{1H18X,20HU* VELOCITY PROFILE,/1X)
DO 1002 I=1,NOPTY,YINDX
1002 WRITE {(641004) (U(I,J)sJ=1,NOPTXyXINDX)
1004 FORMAT(9X,15F8.4)
WRITE (6,1007)
1007 FORMAT{1H18X,20HV* VELOCITY PROFILE,/1X)
DO 1010 I=1,NOPTY,YINDX
1010 WRITE (6,1004) (V(Isd),J=14NOPTX,XINDX)
RETURN
END

W
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$IBFTC PCALC
SUBROUTINE PRESS

c

COMMENT-—PRESSURE FIELD CALCULATION.

C

C

COMMENT --

c

LIST,DECK

COMMON PSI(65,65)+sZETA{65+65) yNOPTX,NOPTY,NPTXML4NPTYML,,DX,DY,

1 TOODXS,TDODYS,LAMBDA,TWODX, TWODY,RE s XINDX,YINDX,PCT,IREF,JREF,
2 U(65:65)4V{65,655) ¢ NOW,NOPLOTFLUFLG+PARTSTLMODXS,LMDYSQ,PROBNO
DIMENSION XTERM(65965),YTERM{65465) 3P (65¢65) +PNORM{65,565)

EQUIVALENCE (P,PSI), (PNORM,ZETA)

INTEGER XINDX,YINDX
INTEGER PROBND
LOGICAL JAIL

REAL LAMBDA

REAL LEREG

FOURDY
FOURDX
NPTXM2
NPTYM2
NPTXM3
NPTYM3

CON2
CON3
CON4
CONG6
CONY
IF (R
CONZ2
CON3
CONé4
CONG6
CONT
CON1
CONS5

oW R moE

TWODY + TWODY
TWODX + TWODX
NPTXM1-1
NPTYML - 1
NPTXM2-1
NPTYM2-1

[ L T L TR 1}

INTERIOR PODINTS.

LAMBDA/2.
TWODX#FOURDY
(LAMBDA/DX)#%2/2,
TWODY=DY
LAMBDA*%2/CON3
«GT. 1.) GO TO 7
CDON2Z2=RE

CON3=*RE

CON4«RE

CON6=RE

CON7#RE
-1./LAMBDA/FQURDY
LAMBDA/FOURDX

GO TO 8

7 CON1
CON5

it

-1./RE/LAMBDA/FOURDY

LAMBDA/RE/FOURDX

8 DO 10 [=2,NPTYM]
DO 9 J=3,NPTXM1
DIF1 = PSI(I-14J+1)-PSI(I-1,J-1)+PSTI(I+1,4-1)-PSI{I+1,4+¢1)

9 XTERM(1,J) = DX#(CON1=(ZETA(I-1,J)-ZETA(I+1,J)+ZETA(I-1,J~1)-ZETA

ACT+1,J=-1))+CON2#{VII,,J)*ZETA(L, ) +V(I,J-1)#ZETA(I,J-1))

-~ (U(T5J)=

BDIFLI4U(T,,J-1)%(PSI(I-1,J)-PSI(I-1,0-2)+#PSI([+1,J~-2)-PSI(I+1,3)))/
CCON3 + CON&G#{V{(1,J)=(PSI(I,3+1)-2.#PSI(T,J)+PSI{I,J=-1})3V(],J-1)=

DIPSI{IoJ)-2.#PSI{I+J-1)+PSI(I+d=-2))))

10 XTERM{I,2)=XTERM{I,3)
DO 20 J=2,NPTXM1
DO 19 [=2,NPTYM2
PSI(I=1sJ+1)-PSI(I-1eJ-1)+PSI(I+1,J-1)—~PSI(I+1,J+1)

DIFl =
19 YTERMI(I,J)
A(I+1,J-1))-CONZ2#{U(T,J)=ZETA(I+J)+U(I+L,J)=ZETA(I+1,J))~

= DY®(CONS# {(ZETA(1,J+1)~ZETA(I,J-1)+ZETA{1+1,J+1)-ZETA

(U(IsJ)»

B(PST(I~-1,J)=2.#PSI{I,J)}+PSI(I+1,0))+UlLl+1,J)»{PSI{L,J)-2.#%PSI([+]1,
CJ)+PST(I+2,J)))/CON6 + CONT#{(V(I,J)*DIF1+V({I+1,J)=(PSI(I,J+1)~-PSI

ClIsd-1)+PSI(I+2,J0-1)-PSI(I+2,0+1))))
20 YTERM{NPTYM1,J)=YTERM(NPTYM2,J)
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COVMMENT —— VERTICAL BOUNDARY WALL POINTS.

c

c

30

40

TMmoOoOO2>

CON3/2.
CONS CONS5=2,
CON7 2.*CON7

DO 30 I=2.NPTYMIL
XTERM{I,1) = DX#{CONL#{ZETA{I-1+1)-ZETA(I+1,1)+ZETA(I-1,2)-ZETA

CON3

nonh

A (I+1,2)) +CONZ2=(ZETA(I,1)*VII,1)+ZETA(I,2)2VII,2)}) - (U(I,1)»

B (PSI({I-1,2)-PSI{I-1,1)+PSI(I+1,1)-PSI(I+1+2))4U(1,2)%(PSI{I-1,3)
C —-PSI(I-1,2)4+PST(I+1,2}1-PSI({1+1,3)))/CON3 + CON4G=(V(T,1)={PSI{(I,3)
D —2.#PST{Is2)+PSI(1+1))4V{1+2)#(PSI(I,4)-2.%PSI(1,3)4PSI{I,2))))

XTERM(I,NOPTX) = DX*(CON1*(ZETA(I~1,NOPTX)-ZETA(I+1,NOPTX)+ZETA
(I-1NPTXMLI-ZETA(I+1,NPTXML)) +CONZ*(ZETA{TNOPTX)#V(I,NOPTX)+
ZETA{TI,NPTXML)=V{I,NPTXM1)) —(ULI,NOPTX)%(PSI(I-1,NOPTX)-PSI{I-1,
NPTXML)+PST(I+1NPTXM1)}=PSI{I+1,NOPTX))+U(L,NPTXM1)=#(PSI(I-1,
NPTXML)-PST[I-1,NPTXM2)+PSI(I+1,NPTXM2)}-PSI(I+1,NPTXM1)))/CON3
+ CON4®(V(I,NOPTX)®(PSI{I+NOPTX)~2.#PSI{INPTXML)+PSI(I,NPTXM2))
+ VII,NPTXML) = (PSI(I,NPTXML)=-2.%PST(I,NPTXM2)+PSI{I,NPTXM3))})

DO 40 I=2.NPTYMZ

YTERM{I,1) = DY®{CONS#(ZETA(L,2)-ZEVA(I 1) +ZETA(I+1,2)-ZETA{I+1,1)
) — CONZ2*{ZETA(I,1)#U(l,1)+ZETA{I+1,L)#U(I+1,1)}) - (U(TI,1)=(PSI
{(I-1,1)-2.#PSI{I21)+PST(I+)41))}+U(TI+1y0)%(PSI{I,1}-2.#PSE{I+1,1)+

1)-PSI(I+1,2))+VII+1,1)#{PSI(I,2)-PSI{I,1)+PST(I+2,1)-PSI{I+2,2))}

A

B

C PSI(I+2,2)))/CON&6 + CONT*{(V{I1.1)#(PSI(I~1,2)-PST(I-1,1)+PSI{I+1,
D

€

1)
YTERMII,NOPTX) = DY2({CONS*{ZETA(I4NOPIX)-ZETA{INPTAM]L)+ZETA(I+],

NOPTX)—-ZETA(I+1,NPTXML) )~ CON2%{ZETA{I 4NOPTX)#U{I ,NOPTX)+ZETA(I+]
s NOPTX)%U{I+1,NOPTX)) = (UCI,NOPTX)*(PSI(I-1,NOPTX)-2.#PSI{I,

NOPTX)+PSY([+2,NOPTX)))/CONS6 + CONT*{(V{I,NOPTX)*(PSI(I-1,NOPTX)-
PSI(I-14NPTXML)+PST(I+1,NPTXML)—=PST(I+1,NOPTX})+V{I+1,NOPTX)a{PS]
(I NOPTX)=PSI{(I,NPTXML)+PST(I+2,NPTXML)-PSI(I42,NOPTX))))
YTERM(NPTYM1,1) = YTERMINPTYM2,1)
YTERM{NPTYML,NOPTX) = YTERM(NPTYM2,NOPTX)

A

B

C NOPTX)+PSI(I+1,NOPTX))+U(I+1 NOPTX)#(PSI{I,NOPTX}-2.%PSI(I+1,
D

€

F

COMMENT —— HORIZONTAL BOUNDARY WALL POINTS.

C

34

49

50

IF(PROBNO «NE. 0} GO TO 49
ZETA(1l,1) =-2./DY/LAMBDA

ZETA(1,NOPTX) = ZETA(l,1}
CON1l = 2.=CONl1
CONS = CONS5/2.

DO 50 J=3,NPTXMI1
XTERM({1,J) = DX*(CONL*{ZETA(1l,J)-ZETA(2,J)+ZETA(L1,J-1)-ZETA(2,4-1)

A J+CON2# LZETA{L¢J) V{1, J)+ZETALLyJd=-1)2V{1l,yJ~1)) = (UlLl,J}={(PSI(],

B J+1)1-=PSI(1leJ-1)4PSI(2,J-11-PSI(2,J+1))+Ul1l+J-1)%(PSI{1,4)-PSI(1,

C J=2Y+PSI(2,J-2)-PS1(2,J}))/CON3 + CONa®{V{L,J)(PSI(1,J+1)-2.%PS]

D (1aJ)4PSTI(Led-11)1+VI14J=1)#(PSI(1,J)-2.%PSI{1+J=-1)4PSI(1,J-2))))

XTERM(NOPTY,J} = DX*(CONI*{ZETA(NPTYML,J)-ZETA(NOPTY,J)+ZETA(
NPTYML1,J-1)-ZETA(NOPTY,J=~1) ) +CON2# (ZETAINOPTY,J) 2V (NOPTY,J)+ZETA
(NOPTY,J-1)#V{NOPTY,d-1)} — (U{INOPTY,J)=(PST{NPTYM],J+1)-PSI(
NPTYML,J-1)+PST(NOPTY,J-1)-PSI(NOPTY,J+1) )+U(NOPTY,J-1)#(PSI{(
NPTYML,J)-PSTINPTYML,J=2)+PSI{(NOPTY,J-2)-PSI(NOPTY,J)))/CON3+CCN4
#(VINOPTY,»J)#(PSI{(NOPTY,J+1)-2.#PST(NOPTY J)+PSTINOPTY,J~1})+V(
NOPTY,J-1)#[PST{NOPTY,J)-2.#PSI(NOPTY,J=~1)+PSI(NOPTY,Jy=-2)))}

XTERM{1,2)=XTERM(1,3)

XTERM{INOPTY »2)=XTERM(INOPTY,3)

DO 60 4=Z2,NPTXML

YTERM(1l,J) = DY#{CONS®#{(ZETA(L,J+1)-ZETA(Ll,J-1)+ZETA{2,J+1)-2ETA(2,

A J-1))-CON2=

Mmoo O m>



C

(ZETA(L1,J)2U(Ll,J)+ZETA(2,J)%U(24J))=(U(LlyJ)*(PSI(1,J)-2.%
PSI(23J)+PSI(3,J))4Ul2,31%(PSI(2,4)-2.%PST(3,J)+PSI(4,J)))/CONE +
CONT#{V(1,4)%(PSI(L,yJ+1)-PSI(1,Jd=1)1#PSI(2+J=1)-PSI1(2,J%1))+V(2,J)
#(PSI(2yJ+1)-PSI{2,J-1)4PSI(3,J-1)-PSI(3.,4+1))))

OO mx

60 YTERM(NOPTYJd) = DYe(CONS=(ZETA(NOPTY,J+1)-ZETA(NOPTY,J-1)+ZETA

(NPTYML,J+1)—ZETA(NPTYML,yJ~-1))~CONZ* (ZETA(NOPTY, J)=UINOPTY,.J)+
ZETAINPTYML,,J)=U(NPTYML,J) ) ~(UINOPTY »J)*{PST(NPTYM2,J)-2.%PST{
NPTYML,J)+PSIINOPTYJ))+UINPTYML,J)#(PSI(NPTYM3,J)-2.2PST(NPTYM2,
JI+PSI(NPTYML,4))) /CONG+CONT=(VINOPTY,J)* (PST(NPTYML,J+1)—PSI(
NPTYML,J-1)+PSTINOPTY, J~1)=PST(NOPTY,J+1))+VINPTYML,J3)=(PSI(
NPTYM2,J+1)-PSI(NPTYM2,J-1)+PSI(NPTYMl,J-1)-PSIINPTYML,d+1))))

MMoCO >

COMMENT —— CORNER POINTS.

c

CON3
CONS

CON3/2.
CONS=2,

CONT CONT=2.

DIF1 PSI(1,2)-PSI(1,1)+PSI(2,1)-PSI(2,2)

XTERM(1,1) = CON2#(ZETA(1,1)%V(1ls1)+ZETA{L+2)%V(1,2))-(U(1,1)}=2DIF1
A +U(L1,2)%(PSI{1,3)-PSI(1,2)+PS1
B (2+2)-PSI(243)))/CON3+CON4=(V(1,1)*(PSI(1,3)-2.%PSI(1,2)+PSI(1,1)
C )+V(1¢2)%{PSI(154)-2.2PSI(1,3)4PSI(1,2)))

YTERM(1,1) = CONS#(ZETA(L1,2)-2ETA{L+1)+7ETA(2,2)-2ETA(2,+,1))-(U(1»1
A )#(PSI(1,1)-2.2PST(2,1)+PSI{3,1))+U(2,1)#{PSI(2,1)1-2.%P51(3,1)+
B PSI(4,1)))/CON6+CONT*(V(1,1)%DIF1
C +V(2,118(PSI{2+,2)-PSI{2,1)4PSI(3,1)-PSI(3,2)))

DIFL = PSI(1,NOPTX)=PSI(1 NPTXML)+PSI(2,NPTXML)-PSI(2,NOPTX)}

XTERM(1L,NOPTX) = CON2%{ZETA{1,NPTXML)*#V{(1,NPTXML)+ZETA{L1,NOPTX) =V
A (LsNOPTX)I-(U(L,NOPTX}*DIFL+U{L,NPTXML)#(PST(1,NPTXML1}-PSI(1,

B NPTXM2)+PSI(2,NPTXM2)-PST{2,NPTXML1)))/CON3+CON4*{V{1,NOPTX)=(PSI
C (LoNOPTX)-2.2PSE({1+NPTXML)+PSI(1sNPTXM2)}+V(1,NPTXML)*(PSI{1,
D NPTXML1)—2.%PSI{1,NPTXM2)+PST(1,NPTXM32)))

YTERM(L,NOPTX)= CONS*(ZETA(LNOPTX)—ZETA(L+NPTXML)+ZETA{2,NOPTX )~
A ZETA{2 ,NPTXML1})—{(U(L,NOPTX)»(PSI{14NOPTX)~2.#PSI{2,NOPTX)+PSI{ 3,
B NOPTX))+UL2,NOPTX)#(PSI(2,NOPTX)~2.%#PSI(3,NOPTX)+PST(4,NOPTX)) )/
C CONGH+CONT*(VI{1,NOPTX)=DIF1+V{(2,NOPTX)*(PSTI{2,NOPTX)-PSI(2,NPTXNM])
D +PSI(3,NPTXML)-PST(3,NOPTX)))

IF{PROBNO .NE. 0) GO TO 70

ZETAlLL1,1)= Q.0

ZETA(L,NOPTX}) = 0.0

[

1}

70 XTERM(1l.1)= DX#(CONLI*(ZETA(L,1)-ZETA(2,1)+ZETA(1,2)-2ETA(2,2)) +

A XTERM({1,1))

YTERM{1l,1)= DY®*{YTERM(1l,1)—-CON2»{(ZETA(1,1)=U(Ll,1)+ZETA(2,1)2U(2,]

AN
XTERM(1,NOPTX) = DX#(CONL*{ZETA(L1,NOPTX)~ZETA{2,NOPTX)+ZETA(L,

A NPTXML)— ZETA(2,NPTXML1))+XTERM{L1,NOPTX) )

YTERM(1,NOPTX)= DY* {YTERM(1,NOPTX})—-CON2*(ZETA(1,NOPTX)*U(1,NOPTX)

A +ZETA{(2,NOPTX)*U(2,NOPTX) )}

DIFl= PSI(NPTYM1,2)-PSI(NPTYML,1)+PST(NOPTY,1)-PSI(NOPTY,2)

XTERM{NOPTY,1) = DX#{CONL=(ZETA(NPTYM1,1)-ZETA(NOPTY,1)+ZETA{
NPTYM1,2) —~ZETA(NOPTY,2))+CON2%{ZETA(NOPTY, 1) *V(NOPTY,1)+ZFTA(
NOPTY2)#VINOPTY2))=(U(NOPTY,1) #DIFL+U(NOPTY,2) ®#(PST(NPTYM1,3)-
PSTINPTYML,2)+PST(NOPTY,2)1-PST(NOPTY,31))/CON3+ CON4=x(VINDPTY, 1)}
#(PST(NOPTY3)-2.%PSI(NOPTY,2)+PSTINOPTY,.1))+VINOPTY,2)={(PSI(
NOPTY 4)-2.#PST(NOPTY,3)+PSI(NOPTY,2)1}1))

YTERM{NDPTY, 1) = DY*(CONS#{ZETA(NOPTY,2)-ZETA(NOPTY,1)+ZETA(NPTYM]
22 )-ZETAINPTYML,1))-CON2# (ZETA(NUPTY 1) #J(NOPTY L) +ZETA(NPTYML,1)
*UINPTYML,1))-(U{NOPTY,1) % (PSI(NPTYM2,1)-2.#PSI{NPTYM1,1)+PSI{
NOPTY 1) ) +U(NPTYML,, 1) % (PST(NPTYM3,1)-2.#PSI{NPTYM2,1)+PSI(NPTYM],
1)) /CONG+CONT=(V(NOPTY, 1) =DIFL+VINPTYM1, 1)} = (PSI(NPTYM2,2)-PSI(

Mo OT >

OO0 >
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E NPTYM2,1)+PSI{NPTYML,1)-PSI(NPTYML,2))))

DIFl= PSI{NPTYML,NOPTX)~-PST{NPTYM] NPTXML)+PSI(NOPTY,NPTXML)-PSI

A (NOPTY,NOPTX)

XTERM(NOPTY,NOPTX)= DX*#{CONL*({ZETA(NPTYML,NOPTX}~-ZETA{NOPTY.NOPTX)
+ZETA{NPTYMI,NPTXML)~-ZETA(NOPTY,NPTXML) )+ CON2*{ZETA(NOPTY, NOPT X} #
VINOPTY,NOPTX)+ZETA(NOPTY,NPTXML) #V(OPTY ,NPTXML})-(U{NOPTY,NOPTX
Y#DIFL+U(INOPTY ,NPTXML) #(PSE(NPTYML sNPTXML)-PSI(NPTYM1,NPTXM2)+PSI
(NOPTY NPTXM2)-PSI{NOPTYsNPTXM1)))/CON3+CON4={VINOPTY,NOPTX)=(PSI
(NOPTY NOPTX)—2+*PSI{NOPTY,NPTXML)+PSI (NOPTY,NPTXM2)})+VINOPTY,
NPTXML)# (PSI{NOPTY NPTXML)-2.*PST(NOPTY,NPTXM2)4+PST(NOPTY,NPTXM3)
1))

YTERM(NOPTY NOPTX)= DY= (CONS={ZETA(NOPTY NOPTX]}~ZETA{NOPTY,NPTXN1
J#ZETA(NPTYML+NOPTX)~ZETA(NPTYML,NPTXM1))-CON2*{ZETA(NOPTY,NCP TX)
*U(NOPTYyNOPTX)-ZETA(NPTYML ,NOPTX) *U(NPTYML1 4NOPTX))-{U(NOPTY,
NOPTX)#{PSI(NPTYM2,NOPTX)-2.2PSI(NPTYM1,NOPTX}+PST{NOPFY,NOPTX})+
U(NPTYML NOPTX)#{PSI(NPTYM3,NOPTX)—2.%PSI (NPTYM2,NOPTX)+PSII{
NPTYM1,NOPTX))})/CON6+CONT2{V(NOPTY ,NOPTX) #DIF1+V{NPTYM1, NOPTX)*
(PSIINPTYM2,NOPTX)~PSTI(NPTYM2,NPTXML)+PST(NPTYM1,NPTXM1)-PSI(
NPTYML,NOPTX) 1))

OMMoU O >

OMMODOT >

C
COMMENT-—-INITIALIZE PRESSURE FIELD.
c
DO 200 J=1,NOPTX
DO 209 I=1.NOPTY
2C0 P{IsJ)= 1.0
ITKONT= 0
202 TTKONT= ITKONT+1
JAIL= .FALSE,
DO 210 I=1,NPTYM2
DO 210 J=1,NOPTX
204 IF (J .GT. 2) GO TO 205
PX= P{Il:J+1}=-XTERM(I,J)
GO TO 207
205 PX= P{I+J-1)+XTERM({I,J)
207 PNEW= Qo5#(PX+P{I+1yJ)+YTERM({IsJ))
IF (JAIL) GO TO 209
TF (ABSU(PNEW-P(I,J))/PNEW) .GT. PCT) JAIL = -TRUE.
209 Pl{I.J) = PNEW
210 CONTINUE
DO 220 I=NPTYM1,NOPTY
DO 220 J=1,NOPTX
214 IF (J GT. 2) GO TO 215
PX = PlLoJ+1}-XTERM{IJ)
GO TO 217
215 PX = PLIsJ=1)#XTERMII,;J)
217 PNEW = Q0.5#(PX+P(I-1,J)-YTERM(I,J))
IF (JAIL) GO T0O 219
IF {ABSU(PNEW-P(I,J))/PNEW) .GT. PCT) JAIL =.TRUE.
219 P{I,J) = PNEW
220 CONTINUE
IF ( .NOT. JAIL) GO TO 229
IFCITKONT L T. 500) GO TO 202
WRITE (64,225}
225 FORMAT(1H14X,50H%x###2NO CONVERGED SOLUTION IN 500 ITERATIONS.*%xxx)
A)
229 WRITE (6,230}
230 FORMAT(1H18X,18HPRESSURE FIELD, P#)
IF {(RE .LE. 1.) WRITE (6,231)
231 FORMAT{1H+26X,1H®)
WRITE (6,232) ITKONT
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232

235
106

240
241
245

250
252

255

260
263

265

505

FORMAT({1HO8Xs19HNO. OF ITERATIONS =I4/1X)

DO 235 I=1yNOPTY,YINDX

WRITE (6,106) (P(I,Jd),J=1yNOPTX,XINDX)
FORMAT(9X,15F8.4)

IF (JAIL) GO TO 202

DO 240 J=1,NOPTX

DO 240 I=1,NOPTY

PNORM{I,J)= P(I,J)-P{IREF,JREF)

WRITE (6,241)

FORMAT{1H18X,26HNORMALIZED PRESSURE FIELD,/1X)
D0 245 I=1,NOPTY,YINDX

WRITE (6,106) (PNORM{1,J),J=1,NOPTX,XINDX)
DXD3 = DX/3.

NPTXPLl = NOPTX+1

DO 250 I=1+NOPTX

IT = NPTXPL - I

IF (PNORM{1,II) .LT. 0.) GO TO 252

CONTINUE

IT = II+1

LEREG = O

IF (MOD(II+2) .NE. 0) GO TO 255

LEREG = (PNORM(1,11)+PNORM(1,I1+1))=DX/2.

IT = II+1

IF (IT.EQ. NOPTX) GO TO 263

DO 260 J=II1,NPTXM2,2

LEREG = (PNORM(1L,J)+4.#PNORM{]1,J+1)+PNORM(1,J+2})%DX03 + LEREG
WHSURF = 0.

DO 265 J=1.NPTXM2,2

WHSURF = WHSURF + (PNORM(1,J)+4.%*PNORM{1,J+1)+PNORM(1,J+2))+*DX0D3
WRITE (6,505) LEREG,WHSURF

FORMAT(1HK8X,35HNET FURCE FOR LEADING EDGE REGION =1PE13.5/23X, 15H

AWHOLE SURFACE =E13.5)

333

TR AP

RZ YD

IF (NOPLOT .EQ. 0) RETURN
DO 3334=1,NOPTX
CALL BCDUMP(PNDRM(1,J),PNORM(NOPTYsJ),1)

RETURN

END

QLNAD

TTL ICOHPAD RTTNE FR TRSYS

ENTRY 3CHMP

SAVET L7 94
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T ¥} 4D, 0,0 AR GUMEMT

MZT % YA VES, IS [T = N

SXA CNIML O YES

bR 344

T K42
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£
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CLFAR THE BUFFER.

FILL THE BUFFER

CONSECUTIVELY
NUMBER

THF

8CDUMP

CARDS

FROM

ZERD

T

999

CIMPYTE
THE
CHECK SuM

WITH




<XA RETHRN=-1,1

TSX QUFTCK'/‘f
PETURN  RCNEIMD
LASTC T LA PETURN
ST RETURN-1
TRA TEST4
50 ~CT 422741004747
neT 104729400209
WiR)  P7E
P7F
HUNBTI T NCT 2100
RY TU arcT 23IN00J7IN
RITT iIT 2770170170177 20
nyT D7E «PCH.
*LDIR
FEND

$IBFTC WFIELD LIST,DECK

c

COMMENT —— W= VELOCITY PROFILES

c

DIMENSION PSI(65565),W(65,65),DPSIDY(65:65),DPSIDX{65,65),
A WPCT(65,65)

REAL LAMBDA

INTEGER XINDX,YINDX

LOGICAL INDKT

READ (5+3) LAMBDA+RE+OMEGA,PCT+NOPTYNOPTXNOLINY¢NOLINX
FORMAT(4F6.04,413})

NPTXM1 NOPTX-1

NPTYM1 NOPTY-1

XINDX = NPTXM1l/{(NOLINX-1)

YINDX = NPTYML1/ (NOGLINY-1)

BSQDSQ= 1./LAMBDAx+2

DX 1./FLOAT(NPTXML)

DY = 1l«/FLOAT{(NPTYM1)

DXSQ= DX=DX

DYSQ= DY=DY

TWODX= DX+DX

TWODY= DY+DY

WPF = 2.%(1./DXSQ + BSQDSQ/DYSQ)/RE
ONMOM = 1. - OMEGA

OMOWPF= OMEGA/WPF

W on

H

c
COMMENT ~- SET UP STREAM FUNCTION DISTRIBUTION

c

READ (545) ((PSI(I,J) 4I=1,NOPTY),Jd=1,NOPTX)
FORMAT (9F8.0)

DO 8 J=1.NOPTX

DO 8 I=1,NOPTY

PSI(I4J)= PSI(I,4)*1l.E~-4

DO 12 J=2,NPTXM]

DO 12 I=2,NPTYM1

DPSIDY(I,J)= (PSI(I-1,J)-PSI(I+1,J))/TWODY

12 DPSIDX(IsJ)= (PSI{I,J+1)=-PSI(I+J-11)/TWODX
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COMMENT —-—- [INITIALIZE W= FIELD
C
DO 14 J=2,NPTXM1
W(NOPTY,J) = 0.0
DO 14 I=1,NPTYM1
14 W(I,J)= —-1.0
Wil,1)= ~-1.0
W(1,NOPTX) = -1.0
DO 16 I=2,NOPTY
WiI,1)= 0.0
16 W{I.NOPTX) = 0.0
17 WRITE (6,28)
28 FORMAT(1H1)})
READ (5,18) DPDZ
18 FORMAT{ F8.0)
ITKONT = O
C
COMMENT -— ITERATE wW* FIELD FOR GIVEN DP/DZ VALUE.
c
20 INDKT = .FALSE.
ITKONT = ITKONT + 1
DO 22 I=2,NPTYML
DO 22 4=2,NPTXM1
WF= DPSIDY(I,J)*{W{I,J+1)-W{I,J-1))/TWODX — DPSIDX(I,J)*{W(I-1,J)
A=W(I+14J))/THODY+DPDZ~-((W(l,J+1)+W(1,J-1))/DXSQ+BSQDSO#(W(I+1,J)+
BW(I-1,4))/DYSQ)/RE
WNEW = ONMOM#W(I,J) — OMOWPF*WF
WPCT({I,J)= (W(I,J)—WNEW)/WNEW
IF (INDKT) GO TO 22
25 IF(ABS{WPCTI{I,J)) GT. PCT) INDKT = .TRUE.
22 WlIsJ)= WNEW
IF (INDKT) GO TO 20
C
COMMENT —-— CALCULATE Q.NET FROM CONVERGED W# FIELD.
c
QNET = 0.
DO 60 I=2.NPTYM1,2
DO 60 J=2:NPTXM1,2
60 QNET = QNET+16.#W( (I J)+4e# (WII-1,J)+W{I+1,J)+W{T,J-1)+W{I,0+1)}
A HW TI-1yed=-1)+W{I-1,J+1)+W(I+1,J-1)+W(I4+1eJ+1)
QNET = QNET#*DX#DY/9.
c
COMMENT —-- OUTPUT
c

WRITE (64526) LAMBDA,RE+OMEGA,PCT, ITKONTyNPTXM1,NPTYM1,DPDZ,QNET

26 FORMAT{ 99Xy BHLAMBDA =F6.3+5Xs4HRE =F7.1,5X,19HRELAXATION FACTCR
A=F5.2/9Xy 24HMAXTMUM RELATIVE ERROR =Fb6.345X,22HNUMBER OF ITERATION
BS =I5/9X,37THNUMBER OF INCREMENTS IN X-DIRECTION =14,5X,16HIN Y-DIR
CECTION =14/9X,9HDP#/DZ* =F7.3,6Xs6HQ®,7 = 1PE13.5/1H08X,20HW* VELO
DCITY PROFILE./1X)
DO 30 I=1,NOPTY,YINDX

30 WRITE (6933) (W(I+J)eJ=1+NOPTX+XINDX)

33 FORMAT(1X,15F8.4)
GO 10 17
END
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$IBFT

10

C GRAPH LIST,DECK

COMMON LAMBDA,NOPTY NOPTX.NOYPLS+NOXPLS +DY DX ,PNORM

COMMON /SKALF /XSCALF,YSCALF,ZSCALF

DIMENSION Z(13000)+:PNORM(65,565)

EXTERNAL PSURF

REAL LAMBDA

READ (5,4) LAMBDA,NOPTY NOPTX,NDYPLS,.NOXPLS,XSCALF,YSCALF,PSCALF
FORMAT(F6.04413,3F6.0)

IZSCALF = PSCALF

DY= 1./FLOAT(NOPTY-1)

DX= 1./FLOAT(NOPTX-1)

NOPTS = 3=#(NOPTX#NOYPLS+NOPTY=NOXPLS)

DO 10 J=1,NOPTX

CALL BCREAD(PNORMI(1l,J),PNORM(NOPTY,J))}

CALL PLOT3D {(0esles04yLAMBDA»Z,NOPTXsNOYPLSyNOXPLS,NOPTY,PSURF,
A .TRUE.)

CALL ROTATE (0e90ey45.,5.FALSE.)

CALL ROTATE (0.935.50.9.TRUE.)

sSToP
END

$IBFTC SURFAC
FUNCTION PSURF(I,J)

COMMON LAMBDAJNOPTY ,NOPTX NOYPLS,NOXPLS DY DX:PNORM{65,65)

LIST,DECK

II= NOPTY+1l -

PSURF = PNORMI{II,J)}
RETURN
END
&T AMAP (3 REA
ENTRY RCREAN
RTOEAN SAVE 144
LA 2,4 GET FIRST ARG.
LN 4 gt GET SECOND ARG,
TLQR 42 COMPARE
XC A IF 2ND LFSS  FXCHANGE
STH TeMp STNORE SMALLEST ARG
ADD SYSONE ADD 1
STA STN STARF FOR MOVFE
NI TEMP COMOYTE COUNT
STA X1 STORE FOR MOVF
AX(C UNC-3,4 LOCATE UNNS LIKF FIV CALL
S XA SYSLNC 4 4 AND SAVE IN SYSLNC
TALL e« BCRD SET 1JP RFEAD
RIAD TSX « s FINCY 4 READ RECORN
TSX « e FTCK, 4 CHFECK READ
11 AXT *%, PICK UP CNIUNT LEFT
TXL LASTC,1,2? IS NNLY 1 RFC LEFT
X6 AXT N4 REC CNT
CLA e s BRNDBE? 44 MOV F WORDS
TP STN %y ) TO STORF
TI X 41 41,1 NECR, CNAUNT
TX] LT R | DECR. REC COUMT
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TeI4

1ASTT

IINFE

TNz

T-Mp

$1 3MAD

17T

a7y

ee 307D

STL

')7\\]
oT4
es TRO3
LK. IR

42

T X
SXA
TQA
TXL
AXT
SXA
SCN
TRA
AXT
SXA
AXT
SX™
RETIJRN
p7E
PTE
*LOIR
L XTa)

» BCRWH
ENTRY
CMTRY
ENTRY
SET
CLA
TRA
CAL
SXA
CALL
nen
TART
1. XA
TRA
=38 LY

D TH
3SS
LNTR
=ENT)Y

3T9-1,4,-22
[¥1,1
CEAD
DIONE,L,"
NONE 4
LASTC-1,4
CK[QIG"l
X4
PEAD 4
LASTC=1 4%
—?7 7/!
CKIRS 4
RCREAD

. UMNNe,

.o 3RORB

.« 3CRD

e o 3CHWD

213

Pt

¥ D

PTY

LK. Oy

« s FIDS{SFLY
*=1

«sBRRNB, ,SI7TF
LK. IR, &4

1 y’*‘

N g

AR

’\"’\

ST 7F

CR, RFC COUNT
N OSAVE REMAINING COUNT
G READ NSXT RECCRD
ANY MORF ANRDS
YES STORE TN FXIT
TIE
SET RFC CNT = NN #40ORDS LEFT
GO PRMCESS RFCORD
RESTRE EXIT

NEXT

RESTIRE REC CNT

AND NF UNIT 5

RECNRD SIZF

READ ENTRY FOR BLRFAD

GFT CNRRFCT ARG FIR LFINS

WRITFE FENTRY FOR RCDUMP

SAVE R4

SET UP READ 0OR WRITE
/0 COMMAND

RESTORF 4

170 RJFFER



APPENDIX E

SAMPLE PROBLEM

A sample problem, which was solved on the Lewis IBM 7044-7094 direct-couple
system, is included to show the user how to set up the input data cards and to show what
output can be expected. For this problem LAMBDA =1 (square groove), RE = 100,
OMEGA =1.3, PCT = 0.001, NOPTY and NOPTX = 29, and NOLINY and NOLINX = 15.
The reference mesh point for the normalized pressure field calculations is (29, 15), and
the punched output for the w*-velocity calculations and normalized pressure field plot is
required. The control words PROBNO and FLUFLG are zero in this problem. Results
for this case are discussed in reference 1. The input data card for the ISGPSM program

should be punched as
38| 41] 44 53| 56
29| 15| 15 11

The printed output for this problem is shown in table I. The number of iterations

-3

1 8|9 16[17 24|25 32| 35 47| 50 59 3 80

62|63 72

1.000 100.0 1. 30|, 0.001f 29 .29| 15 0l of

printed in table I(a) is the number of iterations required for convergence of the stream
function to within the designated relative change. It should be noted that the values of the
stream function have been multiplied by 104 before printout to facilitate writing the out-
put format of the stream function and to present more significant figures in the individual
values. In table I(b) the values of the vorticity at the four corners are those calculated
from the equations for the vertical stationary walls. If the values at the four corners
based on the equations for horizontal walls are desired, they are ¢* = 0 for the lower
stationary wall and ¢* = -2/xAy* for the upper moving wall. The static pressure field
is printed in table I(e) along with the number of iterations to convergence to within the
designated relative change. The relative change for convergence of the pressure field is
equal to that of the stream function. The normalizing factor for this particular problem
is 1. 0025 and is the entry found in the eighth column of the bottom row. This number is
used to calculate the normalized pressure field distribution (table I(f)). Also shown in
table I(f) is the leading edge force and net force acting on the moving surface.

Using the punched output of the stream function from the ISGPSM program, the w*-
field and Q; can now be calculated using the WFIELD program. The additional data
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SEALYED TuRING SEAL.

= 14333 i- o=
v OUFEAIDY 2% =
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—ie =J.
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Je tin i. 3.692
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Lec O S 3.165
Yo Jla e D326
LN ] Jos 3.232
oz 37 Z.2172 S.24)
. 1L 3. 16D J.19%
—Yert )3 2LTTH F.152
L ~3.) 13 1.279
Us ¥ LTTITY 230FILF,
L.3ut) 123233 t.i10d
Yo ~3.22%0  0.3827
bo -2.3% 7L ~3.)4H1E
Q. -.3231 -¢.0403
e ~veJLZh =1.3307
tha ~J«J1al =3.33056
Te =2ILNM —5.1343
e <JLLS -2.3377
D — 2231275 —.338%
e -J.30 14 -u.2363
Jo ~5.320% =1.3320
e -3 7h -1.22%1L
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44

J.Lan0E+I2
TDDLO0N
[ ¥Y~-0[CTION =

-
-385.21

—3a75 R8s
-3571.25
A.51
—e"3 R4
~z3e.21
-1r4. 377
-13s.38

~18.732
-6.31iL
—1.356%

L.n2yco
$.2049
—2.71335
-0.3334
~C.3411
—.3513
3622
3693
31722
AT 13
-13.359%
=G.2472
-0.)325
-0.7"164

Q.

(a) Stream function

SFLAXATION SATTIR = 1.33
NJYVET JF ITEZATISNS = 1ns
IN Y-DIRECTIIN = 2

-J.

28

—0.

-3.

-427.54 ~4T74.08 —510.05
255,95 =405 .73 —531.TF —434.19 ~775,16 -TI2.%8 -337.23

-SaZza4l —587.41 -A71.85 -i

~Je

Q

~3J.

TABLE L. - SAMPLE PROBLEM OUTPUT

-J.

-535.758 —-351.T3 -555.3%

2 )

-352.21

~822.75 —576.38 -275,.85 -304.53 —-371L.73
—£30.89 —T°7.47
—62%.4% -557.06 -653.37 -744.73
~358,26 -456.65 =-574.87 -513.75
-363.98 ~471.724 -673.59

~4R72.89

-279.12

=2C4.19 —265.50 -312.11

-333.33

-335.31

-30%.4%
-732.52
“3
33
-333.35
-212.82
-121.35

~55.%%

-15.23

-3J.

~

-5.6483
~5.432
-3.712
-2.917
-2.533
-2.322
~L.735
-1.155
—0.57L
-3.133
0.2333
0.242
3.347
J.%55
0.533

1.3322

D.5559

3.2731

0.2873
—3.3%28
-3.1353
~9.1731
-0.2211
-3.211%
~3.1%25
—D.1%33
~0.132L
-3.37%7
~23.3%32

~126.13 =177.14 -277.9% -223.32
~79.37 ~103.43 -1"1.24 -128.0%
-36.54 —4E.41 -%6.73 -53.89

~3.51L -12.90 =-13.33 -15.23
—-)a —0. =0 ~Je
(b) Vorticity
~12.533 -12.085 -F.330 -7.L4%5
-6.417 =-6.233 -5.962 -5.630
—2.341 -2.546 ~?7.951 -3.33z2
-0.87> -1L.378 -%.8%53 -2.375
-0.535 ~-1.105 ~-'.584 -2.335
—-G.335 -0.961L -1.403 -1.85%
~0.41% -0.774 =1.137 -L.4%37
~0.273 -0.5642 -N.300 -1.325
-6.125 -0.30%4 -7.453% -D.353
G.0LZ2 -0.082 -".171 -0.202
G.125 0.378 ©.047  0.348
G.215  0.21L 7,209  0.715
0.283 «322C F.343 2.352
3.338  0.421 0.&7T  0.%33
0.3%4 0.532 ".540 J.582
{c) u*-Velocity profile
1.0000 1.0002 1.3393 1.3232
0.3124 0.4016 0.4739 0.5295
D.0%32 3.1248 Q.1854 J.2357

-0.01C2 0.0203 0.950f 73.0753
—0.3422 ~2.335C -3.7333 -3.3325
~0.0687 -0.083% -0.0981 -0.1152
~G.030% —-0.1177 -0.1%46 -0.171L7
=0.1037 =3.1371 —0.1592 -0.13R3

—Q. 1073 —7.141L -3.1723 -3.137L
~0.1013 -9.1319 -0.1582 -0.175%
~0.0873 ~-0.1138 -0,1342 -3.14%54
-0.0706L ~9.0905 -0.1055 -9.1123
-G.3492 -2.0640 -0.3745 -2.2785
—0.J257 -0.0345 ~0.2606 -0.3%2/7
0. 2. a. 3.

3.

-153.52
-375.81
-333.25
-335.73
-75%.32
-533.0%8
-43).1%
-232.5%
-133.3%
-123.17

-%5.45

~-17.32

-J.

=5.433
=5.37L
-%.135
~3.433
-3.175
-2.532%
-1.915
-1.332
~J.%11
3.335
3.227
J.291
3.333
J.433
3.513

1.303)
0.3315
3.2513
D.281L3
=-2.3513
-0.153%
-3.2137
~}.231%
-3.2132
-3.1727
=J.1321
-3.33353
~J.3533
—J).2332
1

-J.
-3%5.2)
~331.27
-333.52
~313.33
-335.35
-553.33
-53L.21
~34%%.77
-225.5)
-133.0%

-75.11
~32.191

-3.31

-2J.

-7.153
-3.5332
-%.355%
—%.33%
-3.332
—2.727
-1.54%%
=3.57%
-3.237
J.253
3.355
2.34%3
3.323
J.215
3.332

1.32232

JerH573

J.2533

323321
-3.33 1
~Ja1%33
=3.2255
~3.4135
~2.13s52
-.1%%
~3.1332
~3.3723
~3+3%5%
-J.3231

3
Je

-l.
—-515.%53
~75%.3%
-213.73
~-733.33
-525.3)
-473.33
~352.%3
~223.52
-14%.3¢

~8%.35
~%%.25
-12.23

-%.12

~Je

-8.3L3
-5.733
-5.173
~-4.332
-3.43)
-2.312
-2.737
J.i35
J.513
J.57%
2.437
J. 385
J.232
3.22)
J.1%%

1.3322
J.307L
J.133%
-J.3J121
=2.1373
-J.1353
=l.2327
=J.1757
-3.1331
=3.132%
-2.3533
~J.3%5)
-2.0277
=J.3123
3.

~J.
-4%3.77
~533.3)
=571.71
-431.2%
-353.32
-253.12
~L75.3%
-112.7%
-57.393
-37.32
-13.4%3
-5.57
~1.32

=J.

-12.51)
-7.%33
-3.35%%
-3.731
-1.%32

J. 333
3.323
1.132
1.03%
J.r35
J.553
J.372
3.235
J.132
J.313

1.233)
0.3775
8.353)
-3.337%
-Je1%35
-3.1352
-D.1357
-0.1351
-3.3753
-3.J515
~2.33%)
-3.2215
-2.J122
-2.234%3
0.

3.
-235.57
-237.71
-225.13
~15%.53
-113.72

-7%.83
-4%7.73
-23.4%
-15.18

-3.35

-3.51

-3.73

2.23

-2.

~21.55%
-3.%53
-1.773
L.37%
3.153
3.331
2.512
1.36%
1.257
3.307
J.%83
3.275
J.l4l
3.355%
-3.2325

1.230)

J.1222
-3.3575
-3.3395
-3.379%
-3.2523
-3.1%52
-3.2321
-3.3213
-3.J137
-3.3)87
-3.3352
~3.2325
-3.133%

.

-3.
=Jde
-J.
-J.
-J.
-Je
=J.
-J.
s 2
=Je
-2.
-3
-Jd.
=3.
-3.

J.
23.%3%
15.588
11.335

7.333

*.31%

3.)25

1.232

1.353

J.373

2.273

J.331
-2.095
-2.327

Je
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TABLE L. - Concluded. SAMPLE PROBLEM OUTPUT

Ne

(AR I
Velsls
Ne2054
Ne e
Uelban
e 1220
SRV AVIA
Cal257
(A I ]
D610
0.7y
D.018)
0.0051
N,

.12
1o 1620
De 51
e 4H0)
Ve 1272
L1532
Ned¥H8l
Ne 178
0G.37D
Ne 1133
nN. 172
PRI BT
Qe 397
Ve 2732
. 134y

e l175
=312
=N.04 T4
LR PP
-0. 0593
~0.1433
=0.u337
-N.57233
—0.)1h4
=N, 32
-.0U0n3
~-1.0333
-N.21723
-.1)33
-0e 2245

a0n 72
1352
T.1422
J.1 445
.1 324l
Jalleh
n.1al”
Tal M3
N.0771
Jenat
Je 330
<3145
PRV

[ERP S

RSN

1..5 54
Vo527
D.958491
.9441
3.9455
7.93527
J.7535
V.9743
N.9849
Y.3323
J.9362
D333
1.0901
J.9399
.92

(d) v*-Velocity profile

c.
n.te%e
.13
“Llnne
L1657
APRIEY 4
11353
Veloe?
rLnThae
ALY
EERERN
Te 'L 15
6.70R3
nNoN2s
o,

J.
Qedi06
Je 733
Tebtlilo
T.11 94
D.1135¢
Je 1320
Tedn4s
o333
D.7137
37245
20107
-J.7701
-0

7.
Je314%°
Yo it
Jeun?
2.1
PR
Y.5053
-7%.7151
-0 77
ECTREREY
~D.%257
-J.3177
-7.7271%
-V.)527
e

(e) Pressure field

1. 3162
e 31515
2.9394
Ny 3341
d.1361
D.3447
00,3575
PPERARS
M.3332
T.1313
e 1271
T. 1398
1.7209
1.3710
1.99%

1Y,
Je 3311
JoidTs
J).3223
Jedzsl
Yo 2370
0.9227
J.3531
0e 327
D.3323
Ve 397)
1720k
1.7921
1.2725
1.023¢25

AR AR
.40
Je 2135
J.3147
Y. 1192
7.72325
R ET W
Te3835
D.738%3
Je2718D
e 3335
1.7022
1.79734%
1.0041
1.0247

(f) Normalized pressure field

Na15%6%
-7.131313
=N.0524
-%.2583
-N.0570
=1.7497
-7.0390
-3.021%
-N.0175

07102
-2.2305%6
~7.00332
=1.0024
=N )2A
~J.3134%

= 1.0979637¢-91

1.94249c- 31

0.0118
-1.7520
-0.2579
-0.3484
—0.. 664
=577
~N.0649
-0.7311
-0.0193
-~ 01T
-0.0054
~0.05725
JIlh
LD S-]
el

-)e 3214
~Jad56x
-3.17%34
~2.2735
-0 1753
-0¢ 2554
~J.0%3%
=J.J)33
-0.1137
~0.122
-2.77%9
=2.901n
=704
PRBN]

J.

EREREI )
—Je )%
~J3.73)
~Je 7
—Ve 33
=3.0272)
=J.2015
-Je3323
-0.0182
-7.323%
-3.032)
-).J)0)?

D001

.31

De0222

.
-Jed232
ERPRRTA

“
TeYsa?
v
LI -]

ER IR EDL
-1.1174)
-3.3235%
~u.J337
=7.231%532
=)o)
7.

Yolold
Je 33473
)a3222
Jo31bh5
12227
Te 2349
Je 3543
D.3174)
IFRELE]
V.3410
l.Jduls
1.203%
l.3J45
1.2)5¢6
1.0u55

EREB LA
=)o Y15
-J.J" )3
=J.20 1)
~3e3R25
-3.2415
=475
-0.274%
-J)aol42
=2.21355
=)D
DIt
1. 2021
Yed32
DL

Je 2332
J.9515
d. 2433
9317
Je 334
Jodsll
J. 3557
J.3324
Jei1334
1.23001
12331
1.)24%
142352
1.2335)
1.7373

D)3
Je)3d3
J.0545
Je3724
PIRLE NI
2.0553%
Jed357
J.1731
}.2)237
2.322%
7.72325
23122
Je.d27
1.2335
71243

Je
3530
J.1olt

Je2935

-Y.3343

Je313>

~)a2n24

De224)
Jel513
Jo113)
1.31775
Jed41)

~J)e31 )

PPRPEE]
J.

L7331
1.322)
Ve2929
J.26%3
Jadnls
3.35%3
J.34Ls
2.3319)
EEEEE D)
1.2213
1.3735
1.73743
1.7347
1.2757
1.237)

J.0eT75
J.0135
ISR IV B
Vo362
Jetald
J.233
2.1211
3.212>
7.723)
.3323
3.071)
J.00113
V.232%
2.2332
243045

D
-3.1 359
-7.31
-Y.4-15
~Te%372
-l.3723
~%.27331
-Jd.2155%
-Jdela59
-J).)332
~0.)051
-d.32 32
=312
-1.3331

A

1.7221>
1.13%7
L3742
1.)2v7
Y.3973
0.3125
DR
J.3379
13133
1.2713
1.2223
1.2)32
1.7)%)
1.3343
1.2153

7.2130
J.132%
D715
7.0132
-0.3)47
-7¢3)33
~De20173
-D0e)J)%3
-1.2125
-2.0012
-7.3331
2.23207
N.3J15
J.372%
2.1333

J.

Y. 33%)
Joaidt
J.459
7.3315
1.2331
Jaldns
Y1233
2,333
31473
J.3252
3.J012%
1.2242
PR B K]
J.

1.>3)33
Leddn?
LaL577
l.)581
1.3215
L.3325
). 3353
J.3355
e 13RS5
). 13433
1.32371
1.2J31%
1.3)29
L.2233
1.3344%

V.2 773
o334
Jal55¢
13555
J.al3l
2.22701
J.)J51
3.2270
J.3)53
PR BLYY
Jed)24%
323203
12324
J.001%
J.0013

J.
J.
J.
Je
J.
J.
0.
.
J.

0.
3.
J.

0.

22375
las3Lls
l.123%
LoJd+%3
1.013)
0. 7339
Q.9252%
J.9377
VedFl2
Qo947
J.33117
1.2001
levs2?
1.223%
1.0)37

1.25J1
J. 4337
J.1012
J.J%13
Q.01
D.Jt 37
Jeuls?
0.3147
D.0113
D.0273
PR RET
Deul23
SPRVE I E]
2.9011
2.001»

45



required are that LAMBDA =1, RE = 100, PCT = 1. 30, NOPTY = 29, NOPTX = 29,
The first WFIELD program input

NOLINY = 15, NOLINX = 15, and 9P*/9z* = -0, 115,

data card is punched as

7

1.000

This card is followed by the deck of cards containing the stream function values of
ISGPSM and the card with the oP*/9z* value.

12{138

100. 0f. 1.

1819

24[25 27028 3031 33|34 3637

001

-0.115

29

29

15

15

72173

72|73

80

80

If more 9P*/oz* values are to follow for a given problem, they must be punched

one to a card according to this last format.
Table II contains the one page of output per 9P*/dz* value from the WFIELD pro-
gram. The number of iterations printed is the number of iterations of the w*-velocity
profile from initial value to converged value within the prescribed maximum relative
error, The net volume flow Q; associated with the 9P*/dz* value of -0. 115 in this
problem is 0.0003128 and is printed on the same line as the 9P*/dz* value,
The computer execution time on the Lewis Computer for this sample problem was

approximately a half a minute for each program.
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The three-dimensional plot of the normalized pressure distribution is obtained from
program GRAPH using the column binary punched output of the pressure distribution
from the ISGPSM program, The additional information required is that LAMBDA = 1;
NOPTY = 29, NOPTX = 29, NOYPLS = 15, NOXPLS = 15, and XCALF, YSCALF,
PSCALF each equal 6.0. The first program input data card is punched as

1 (T olto 12013 15|16 18l19 2425 3031 3637 7473 80

| 1.000] 29 29 15], 15 6. 00 6. 00 6.00].

After this is the deck of cards containing the pressure distribution values,

The output for this particular problem is the graph found in figure 15. The maximum
value of P* =1,2501 is found at the corner where the moving wall meets the leading
edge and the minimum value of P* = -0. 3304 is near the corner formed by the moving
wall and the trailing edge. Note also the shallow pressure drop or relative minimum in
the vicinity of the vortex center.
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Figure 15. - Calcomp plot of normalized static pressure distribution due to cross flo in a square groove. Reyrolus

number, = 100.
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